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1 Method for Manufacturing Propylene Oxide 



(54) [ Title of the Invention ] 
(57) [ Summary 1 

1 °*tlr . ccononOcl ^ for H g M y sOecdve of .ropy.- 

oxide without co-products. 

[Structure] /'^ ^ frnm a reaction of propylene, hydrogen, and 

oxygen, using a catalyst comprising a uroup 
crystalline titanosilicate. . . 



[ Claims ] 

[ Claim 11 " " . . . 5q characterized by the fact 

[ Detailed Description of the Invention ] 
[0001] 

glycol and the like. 
[0002] 

wherein t-butyl alcohol and styrene monomers ate co-produced, and a pence 
process, in which acetic acid is co-produced. 

1 ^ 'a merhod wherein a hydroperoxide is used as an ^ * 
Patent 4,833,260). 
[ 0004 ] 

t Problems Which the Invention Is Intended to Solve ] . ^ 

However in the above-mentioned chlorohydnn process, the chlom .was 

p^^a.dti.elarseamounuofcaiciumcmo^^^^^^ 
Quired treatment. In tto Halcon and peraceue acd processes, "~ 
Z larie amount of coproducts was required, and processes "^^""V 
SSotddes mquired er.uimo.ar orgreaier amounts of Mgh-cost hydropses, 

posing problems of economy^ 



[ 0005 ft was therefore desirable to develop a highly selective method for . 
nWac^g epoxy compounds, which would not produce co-products and would not 
entail the use of high-cost hydroperoxides as starting materials. 

[0006] • 
[ Means Used to Solve the Above-Mentioned Problems ] 

at the present invention. 

1 0007 Soecifically the present invention offers a method for manufacmring propylene 
ojdde , wntf is chLrerized by the fact that a "reaction of f^^^ 

periodic table and a crystalline titanosilicate. 

' 0008 L m «Hod which periains to Ute present invention will be described in fcrther 



The method which pertams 
detail below. 



1 L the method which periains . the present invention, a camlya ~m£smga 
a^p vm meel from me periodic able and a crystalline titanosdrcate » - AT* 
Si*, referred to here U obtained by substitution of a porbon o 
which forma the crystal lattice of -Silicalite- (crystalline S.O, having a zeobte 

rr; sell. * * - * -* ssr si 

svnthesis is disclosed in Japanese taid-Open Patent Applreabon 56-96720. The amount 

(molar) and said sitica/titania ratio should be a value of 5 to 200. If the— _ 
content 'is too low the activity of me caalys, w* be .sufficient; 
high me titanosuicae crystal sm.cn.re will rupture. Components of the n^osutcate 
are not restricted to titanium; one or more additional elements such as boron, 



may also, be contained therein without ill effect. 

1 °° U t*e m«hod which perain* • V>~* 

5? TffcHI periX table »d a crystalline titanosilicafc , used, and 
Group VIH nvsal ftom the pen^e ^ e . men tioned Group vm metal, 

any of the Group VT1I metals n«y be as tr* rothen ium, and the 

Ute; palladium is particularly dearabte. ™° G ™* activated carbon or • 

. », Uke and then phystcally nuaed j**the _ * ^ 

Vffl^.«n^li^P**«-^^* ^ are no restrictions 

regarding the method for supporting these metals on 
method or the like may be used. 

The penodic table Group vm dinged if the content 

should be 0.1 to 10 wt* as metal atoms. Sflcacy ^ ^ 
Ms Wow 0.1 wt*. and amounts n u supp0[ted en 

^standpoint. ."^^rS-f^^-- 
danosilicae usmg an tmmers m_ a J^n of an inert gas or an oxygen- 
prior to use. Baking may be performed under a ^ .emperatore and 

duration, but baking at 100 to 700 C for 30 ^ ^j^g agent 

: reduction is performed, there are no r^ZZZZS-* is 

or the reduction temperature - StaT-I ^ - 

reduction at room temperature to 5Q0 C for 30 minu . 
a reducing agent is satisfactory. 



to use in reactions. 

1 If necessary, a solvent may be used when brining about im*~ W-^ 
solvent such a, water, alcohols having a c*bon number of 6 or less, ketones, glycols, 
and carboayUc acids may be used as solvents. 

continuous flow process preferable from a productivity standpomt. 



a solvent : 



[ 0016 1 u \a tv» n in 150«C and preferably 10 to 100°C. If 

The reaction temperature should be 0 to 150 C, ana preiera* y 

to be used and the reaction temperature exceeds the boumg point of md 
solvent tne reaction may be brought about after pressurization. There are no particular 
2£2 regarding the reaction pressure, but it is ordinarily wUh* the range of 
normal pressure to 200 atmospheres. 

1 0017 In the method which plains to me present invention oaygett faW~of 
me parting ma^rials for the reaction. It is possible to use » oxygmt^ontanung 
such as air. 

1 0018 ^ere are no particular restrictions regarding the amounts of me sevenl siting 
^.erials contained in *e gas. [A mixture of, 10 to 50 vo,* propylene W <° 
"vol* hydrogen 00. and 5 to 50 vol* oxygen (DO. * 

From me standpoint of safety, it is desirable for the contauted amounts of 

an . inert gas such as hydrogen. 



[ L .hecatalyst used in -the reactionmay be determined on ihebaais 

k ^ of *e ti^m -thin - *~— i * one of "he starting 
of the ratio (—of* — to K desinb)e „ ^ „ 

materia^ propylene, that is suppuw p= _ 
of the catalyst such that the titanium/propylene ratio is 0.00001 to o.i. 

• ^ 'The time required for the reaction may be determined on die basis of the gas 
n. . Til vel^rjie total volume of the CA ft. Ou and inert gas p« r - 

40,000 hr» (20*C) is satisfactory. 
[0021] 

[Merits of the Invention] _ _ ^ ? ? ^ ^ ^ 

„4 *e tovention is therefore highly significant to industry. 
[0022] 

[ Practical Examples ] ^ ' b w ^ ^ practical 

is not Umited to these practical examples. 

Appli cation 56-96720, and a ^ fian osilic«e. The 

weight of the palladium atoms reached 0.5 wt% with j*spec, : 
ndxture was mired by stirring for one hour, evaporated to dryne*. and rw 
Sunder adilute 5* hydrogen gas flow for one hour to yield acatalyst. 



[ 0023 ] ,'„„„,, flow reaction device was used for 

A normal pressure, liquid phase, continuous flow reac 

the reaction. 

[ 0024 ] . ^ - i. buty i alcohol, and C 3 H6, Hi, 

100251 • w« analyzed by ga» chromatography. Results over a 

for propylene oride and 1.4* for propane (CjH,). 
[0026] 

Practical Examples 2 and 3 «, me orocedure as in Practical Example 1, 

Reactions were brought about by the same procedure as 

^ suoolied in amounts of 50, su, ana *v 

with the exception that CA, H, and fiye hours ^ ^tion of 

mmo l/hr and 60, 40 and 80 mmol/hr respectively. Results five 

the reactions are shown in Table 1. 

[0027] 
[Table 1] 









Starting Ma 
(mmc 


lerial Feed 
>l/hr) 


PO*> 
(mmol) 


Selecti 
'PO*> 


vity (%) 
C 3 Hg 


- 

Practical 


C 3 Hg 

i «■■ 


n l 1 
80 


40 


0.67 


92.0 


8.0 


Example 2 

Practical 
Example 3 


j 60 


40 


80 


1.83 


99.1 


0.9 



^Propylene oxide 



Practical Examples 4 and 5 . _ pr0C edure as in Practical Example 1, 

actions were brought ^^^^ p ^^W^ 
with the exception ^ catalysts "^^^l^i-^ Kesultsfive 
respect to the titanosilicate were 2 and 5 wt% respecu i y 
respe«» . .. . rtn of Ae reactions are shown m Table 2. 
hours after initiation ot tne 

[00281 
[Table 2] 



Supported Pd 

.(%) 



Practical . 


2 


Examble* 1 _ 




Practical 


5 


Example 5 | 





PO*> 

(thmol) _ 
0.45 t 


Selectivity (%) 




C 3 Hg 


99.1 


0.9 


0.37 


>99.9 


tr. 



^Propylene oxide 



pnaical Examples 6 through 9 _ _j ^ ^ Practi cal Example 1, 

»—"» were brought ^^^Z* - » - ** 25 
wiU, the exception that a otanosuicate havutg a tf. ^ ^ ^ at 25, 

^osuica* supporting r?^££Z J*. of the reactions are 
45, 65, and 82°C respectively. Results five nours 

shown in Table 3. 



[0029] 
[Table 3] 





Reaction 
Temperature 

CO 


PO*> 
(mmol) 


Selectivity (%) 


PO*> 


CjHj 


Practical 
Example6 


25. 


1.51 


98.8 


12 


Practical 
Example 7 


45 


2.16 


98.8 


1.2 


Practical 
Example 8 


65 


1.37 


98.1 


1* 


Practical 
Example 9 


82 


1.06 


98.3 


1.7 



^Propylene oxide 



Practical Example 10 . 

A reaction was brought about by the same procedure as in Practical Example 1, 
with the exception that a titanosilicate having a silica/titania ratio of 33 was used as the 
ritanosHicate supporting the palladium, and water was used as a reaction solvent. Five 
hours after initiation of the reaction, 1.56 mmol propylene oxide was obtained. 
Selectivity of the products at the fifth hour after initiation of the reaction was 99.8% 
for propylene oxide and 0.2% for propane. 

[ 0030 ] 

Practical Examples 11 and 12 . . , « , 

Reactions were brought about by the same procedure as in Practical Example 
.^th-the-exception that catalysts in which titanosilicate having a siUca/titania ratio of 15 
supporting the metals palladiumand platinum (supported % =* 0.5 wt%), respectively, 
were used. Results five hours after initiation of the reactions are shown m Table 4. 



[0031 ] 
[Table 4} 





. Supported 


PO»> 
(mmol) 


Selectivity (%). 




Metal 


PO»> 


CjHg 


Practical 
' Example U 


Pd 


3.72 


99.8 


0.2 . 


Practical 
1 Example 12 


Pt . 


1 1.25 


98.8 


1.2 



^Propylene oxide 



Practical Example 13 ^~a„- « in Practical Example 1, 

: ■ . . A reacdon was brought about ^JT^^^^m 
rth the exception Utat a pulverized ^^J^ fcvdrogen 

•S rr2Lt Seiecdvity of the products at the fifth hour after tnmauon of the 
reaction was 99.8® for propylene oxide and 0.2% for propane. 

[ Brief Description of the Figures ] 

1 ^Kgle I shows a graph describing the relabonship ^een e^n^and 
w y Joxtde Ptoducdon in the propylene epoxidadon process of Pracucal Exanrple 



1. 



10 



[Figure 1]. 
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